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An investigation to determine the low-speed rolling, yawing, and
sideslipping derivatives of a model of a 60° delta-wing bomber has been
made in the Langley free-flight tunnel. Tests were made of the composite
(pod-on) and return-component (pod-off) configurations with vertical tail

on and off.

The investigation showed that, in general, there was little effect
of frequency on the values of the derivatives up to an angle of attack
of about 20°. There were only small differences in the rolling and yawing
derivatives for the composite and return-component configurations.

INTRODUCTION

An investigation has been made to determine the low-speed rclling,
yawing, and sideslipping derivatives of a model of a 60° delta-wing
bomber. The airplane is powered by four pod-mounted turbojet engines.
A large jettisonable pod, which carries the warhead and some fuel, is

mounted under the fuselage.

The investigation included rolling and yawing oscillation tests of
the composite (pod-on) and return-component (pod-off) configurations with
the vertical tail on and off. Sideslipping oscillation tests were made
of the return component with the vertical tail on and off.

The investigation was made over an angle-of-attack range from 0°
to 40O° with a deflection of OC of all controls. The reduced-frequency
parameter wb/2V was varied from 0.046 to 0.206 in the rolling and
yawing oscillation tests and from 0.10 to 0.20 in the sideslipping oscil-

lation tests.
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All velocities, forces, and moments, with the exception of 1lift and
drag, were measured with respect to the body-axes system originating at
the reference center-of-gravity position located at 25-percent mean aero-
dynamic chord. (See fig. 1.) The term "in-phase derivative" used herein
refers to any one of the stability derivatives which are based on the
forces or moments in phase with the angle of roll, yaw, or sideslip pro-
duced in the oscillatory tests. The term "out-of-phase derivative"
refers to any one of the stability derivatives which are based on the
forces or moments 90° out of phase with the angle of roll, yaw, or side-
slip. The derivatives measured in the investigation are summarized in
table I. All measurements are reduced to standard coefficient form and
are presented in terms of the following symbols:

X,Y,Z body references axes unless otherwise noted

S wing area, sq ft

b wing span, ft

¢ mean aerodynamic chord, ft

\ free-stream velocity, ft/sec

q free-stream dynamic pressure, lb/sq ft

Iy moment of inertia about longitudinal body axis, slug-ft2
Iy moment of inertia about lateral body axis, slug-ftZ
w 2xf, radians/sec

T frequency of oscillation, cycles per second

k reduced-frequency parameter, ab/2V

a angle of attack, deg

B angle of sideslip, deg or radians

r vawing velocity, radians/sec

P rclling velocity, radians/sec

t time, sec
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lift, 1b

drag, 1b

side force, 1b
pitching moment, ft-1b
rolling moment, ft-1b
yawing moment, ft-1b

pitching-moment coefficient,

rolling-moment coefficient,

yawing-moment coefficient,
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* APPARATOS® AND Mopel *+¢ "+

The rotary and linear oscillation tests were conducted in the Langley
free-flight tunmel. Detailed descriptions of the apparatus and methods
used in deriving the data are given in reference 1. The model was sting
mounted, and the forces and moments were measured about the body axes by
means of a three-component internal strain-gage balance. A three-view
drawing of the model is shown in figure 2, and the dimensional and mass
characteristics are given in table II.

TESTS

The oscillation tests were made over an angle-of-attack range from
0° to 40° with all controls at a deflection of 0°. The rolling and
yawing tests were made for the composite and return-component configura-
tions with vertical tail on and off and with the reduced-frequency param-
eter wb/2V varied from 0.046 to 0.206. These tests were made for an
amplitude of *10°, The sideslipping tests were made for only the return-
component configuration with vertical tail on and off over a reduced-
frequency-parameter range from 0.10 to 0.20. The amplitude of the oscil-
lation in the sideslipping tests was *0.416 foot or #1.20 to +2,4°,

The tests were made at a dynamic pressure of 4.77 pounds per square
foot, which corresponds to an airspeed of sbout 63 feet per second at
standard sea-level conditlions and to a test Reynolds number of 970,000
based on the mean aerodynamic chord of 2.41 feet.

RESULTS

The results of this investigation are presented herein without dis-
cussion. The static longitudinal and lateral stability characteristics
of the composite and return-component configurations are presented in
figures 3 and 4, respectively, to afford a more convenient correlation
with the data on the oscillatory derivatives.

The data for the composite and return components obtained from the
rolling oscillation tests are presented in figures 5 to 12 and those from
the yawing oscillation tests are presented in figures 13 to 20. The data
obtained from the sideslipping oscillation tests are presented in fig-
ure 21 for the return component.
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Presented in figures 5 and 6 is the variation with frequency of the
out-of-phase and in-phase derivatives, respectively, for the composite
model. The derivative data for the return component are presented in
figures 7 and 8. The out-of-phase and in-phase derivatives are summarized
in figures 9 through 12 for the composite and return-component models in
terms of the variation of the derivatives with angle of attack for con-
stant values of the reduced-frequency parameter.

The out-of-phase derivative data (figs. 9 and 10) show that neither
the pod nor the vertical tail had much effect on the derivatives and also
that the effect of freguency was generally small, up to at least an angle
of attack of 20°. The in-phase derivative data (figs. 11 and 12) show
that there was little effect of freguency except at the higher angles of
attack.

Yawing

Presented in figures 13 and 14 is the variation with frequency of
the out-of-phase and in-phase derivatives, respectively, for the composite
model. The derivative data for the return component are presented in
figures 15 and 16. The out-of-phase and in-phase derivatives are sum-
marized in figures 17 through 20 for the composite and return-component
models in terms of the variation of the derivatives with angle of attack
for constant values of the reduced-frequency parameter.

The out-of-phase derivative data (figs. 17 and 18) show that for
the yawing oscillation tests there were some differences in the values
of the derivatives between the composite and return-component configura-
tions and that the vertical tail had an appreciable effect. The major
effects of frequency again occurred in the higher angle-of-attack range,
as in the case of the rolling oscillation data. The in-phase derivative
data (figs. 19 and 20) are not greatly affected by frequency up to about
an angle of attack of 20°. Comparison of these data with those of fig-
ure 4 shows that there is generally good agreement between the static
data and the in-phase derivative data obtained from the oscillation tests.

Sideslipping

Presented in figure 21 is the variation with angle of attack for
the out-of-phase and in-phase derivatives at constant values of the
reduced-frequency parameter for the return-component configuration.
These data again show that the effects of frequency on the out-of-phase
derivatives are generally the greatest above an angle of attack of 200,
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static data of figure k.

Langley Research Center,
National Aercnautics and Space Administration,
Langley Field, Va., February 26, 1959.
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TABIE I

DERIVATIVES MEASURED IN OSCILLATORY TESTS

Rolling Yawing Sideslipping
ClB sin a - szlI‘, CZB CcOs a + kecli‘ ClB
In-phase Cng sin a - k2cnI-) Cng cos o + k2Cn,. Cng
derivatives
. 2
CYB sin o - szYI', CYB cos a + k CY:E- CYB
CZP + CZB sin o Cip - CZQ cos a Clé
Out-of-phase Cpn + Cpa sin « Cpn. - Cpa cos o Cni
. . Dp ng Or ng ng
derivatives .
CYP + CYé sin o CYr - CYé cos a CYé




10 CONFIDENTIAL

TABLE II

MASS AND DIMENSIONAL CHARACTERISTICS OF A MODEL OF A 60° DELTA-WING

BOMBER USED IN THE INVESTIGATION

Weight, 1b:
CompOSIite o o o o &+ o « o a s s o o o o o o o s o s o o o+ o« 15.1
RetUrn-COMPONENT « « « « o o o o o o o « « & « o+ & o o « o« « « 16.0

Moments of inertia, slug-ft2:
Composite:
5 T R 0.34
3 O B L
Return-component:
11 T O s 2
IY.............................l.)-#O

Wing:

Airfoil section:

Root chord . . &« « « « « « « . NACA 0003.46-64.069

Span station O. 22 and outboard e e e e e e e NACA 0004.08-63
Area (tot8l), SQ Tt v v o o o o o o o o 0 b vt e e e e e .. 685
Span, F£ v ¢ 4 o 4 4 4 4 e e e s s e e e e e e s e e e e s e s D9
Aspect Tabio ¢ & ¢ 4 e 4 4 e e e e e s e e e e e e e e e e s 2.1
ROOL ChOTA, Tt o « « « o o o o o o o & o o o o o o s v o o o« 3.6
Tip chord, ft .« o . e o s s e e e e e s e e s s s s e . 0
Mean aerodynamic chord ft e~ 1N |
Sweepback of leading edge, deg « « « « « ¢ o ¢ ¢ ¢ o e 0 s . e 60
Sweepforward of trailing edge, deg .+ « « ¢« « ¢ ¢ o ¢ « o o o 10
Dihedral, deg T 0
Incidence, deg « « « « « ¢ o« o o o s o s s o o o o s o e s o . 3
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Figure 1.- Body system of axes. Arrows indicate positive directions of
ronents, forces, and angles. This system of axes is defined as an
orthogonal system having the origin at the center of gravity, and the
X-axis is in the plane of symmetry and alined with the longitudinal
axis of the fuselage. The Z-axis 1s in the plane of symmetry and
perpendicular to the X-axis, and the Y-axis is perpendicular to the

plane of symmetry.
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Figure 2.- Three-view drawing of model of 60° delta-wing bomber used in

CONFIDENTIAL

N
——

28.9¢

e 446- |
- — 7211

investigation. All dimensions are in inches.

al

— S



L-391

O L X J L X X ] oo 0O OOSl;QCO *9 ® @
O —— —— — Return component
05
e’
\éﬂ\z‘ B
1 [ —iot—
Cm -l \u']<—m
-2
1.2
H—O+—O]
10 / (f%\
R 4
/ﬂ i \[J
8 ‘ﬁ/
4[//
o
b6
CL ///
cp 4 //)
D /
/ .
2 _///
O
-2
0] 8 6 249 32 40

a , deg

0= |

15

Figure 3.- Aerodynamic characteristics of models used in investigation.

= 0°.



14 CONFIDENTIAL

T6¢-1

Composite
— Return component
0
-4 4 e
Cy — A ~
B ~ 77
-8 S ™
-1.2
.2
I—r—l—1 TN
0 \
c \
nB \\
-2 N
-4
2
/T
—><
[
Ci B 0 /'//
h\\\ /
0 8 16 24 32 40
a, deg

Figure 4.- Static lateral characteristics of models used in
investigation.




L-391

es ese o @ ™ e® ©0 © 004 » eee ae
o o @ o o e e @ o . o e o e o e
e e o @ . o e » e © s ¢ e o @
e o . Y . e o @ s 0 o o
L2 ee eoc 90 sse o o ce oo o0 o see oo
8 —t5
an_ 4 R TN /9 S s Y
> D~<~U~§." L. - =3
(&) 1 =
+ —\’g A
)9_ O ,l Oy rl\o/
© /
-4 o
B'-—
4.. — —
e
o
c 2 d 0
Y oa. bo-ps
S o o gg— g 3
+ Ly -H T8 G ol
Q / o1 -0
S -2 i
4
O
i =d 4--
R;'O”‘ - e & 2 - - ;
-2 o '/u = —r %%‘_/m —
IENCAREE =SS TTEFT
o o o o) -H/D’/ / - o)
s 6 A o BB -
+ 8 4 ,O
- . L
10 Vi
/
7 16}
42 a o
/
14 ,
/"
-6 2
0O 04 08 R & 20 24 O 04 OB 2 1B 20 24

k
Vertical tail on

k
Vertical taill off

15

Figure 5.- Variation of out-of-phase rolling derivatives with frequency.

’

Composite.




CONFIDENTTIAL

16

H.lW@u. # x 1 .

5
Q
< 3
_ ] & 5
g
<> jmle < e <> [k o1 el O
T piiawml anviak “
o Sle %D 9 ¢ g Qo> 49 <
IS NN T o = m
@Z_ il i |1 W 2 4
L kil ] |wes 2
i G b
Tt T T - b= ]
s ALK ] LT o @ 3
3 & b ﬂm.u&um n_n_f\ﬁ_um_w = g
Lalh & | S ahd [\ No b eI © s
(@] jolt]
] W
N,
e
© o w
H O
v of
N g O
A
o @ 4| 49
7 el S S . P Q .
o __‘,_/_v _J_,u __u < %uOW& ’ o
Yy 7T :;_wa
NI BN Lx.k,xfl6 c
A /) T / TN T 2
in 1 3 s
L] Iy 1] LV s R
ik il G M CE ok
i s 1P | B PO o £ B
0o st ¢ i b | | de ped op2 | _
m_uNE_v ummmm /Q Q‘L D"UO_ >4 m /hw
. 2
@ o o
[s0] < g Q < [0 0] ot
o v ® 8 % o 3 & ¢ 23 o0 8 3
d d
"Ag-puls Q>O ncokndc_mmco 10,9 - uis 1o




%0 %% e o CONFIED ot oot et. 17
. ® oo * * e © L J L] e oe * oe s o
e o o * [ L2 2] L] s & o ®* o * o
L X J 20 ® e S0® & © oo (1) o ¢ ¢ 80 o0
12
8 Oty
-] ,4 =N 4 _
('%Ql 4 Ts' \:ﬁ'“:a o - 2% LLE A
> radl - A\ PN
? C NP (0 IS - mecan S T ==
a 0 \%;70‘ = B G — 1 —
] 4 al 1T -
~£ b 8 -
T ] 1 T [ o 18
6 ra\ : b . 20
o e ~-
£ —
# N : D %]
B N b ) - 40
s o - : o —
c o IR Yo I~ (j j
3 e e SN ;
Q o R SN Y bty b il
¢ © 8o %:j% S 7 @ =
o ¥ -
/0/ ”
§ 2 - ¢
-4 v
_-6
© | |
. Nyt Ol ﬁ%:g% -
-2 gz Eg:%?;fg—f T
P D TN )
-4 ofol AT
: . = I
c 5 ~
‘?é,- -6 B ‘/r
S P N
o R .
o o)
-IO ) D/
42 L

‘M50 08 12 16 20 24 0 04 08 :kz 6 20 24
k

Vertical tail on Vertical tail off

Figure T.- Variation of out-of-phase rolling derivatives with frequency.
Return component.




*os0 0
® o @

AL

GONFIDEN®

18

o o %
foweRIRa8e .
]
i AR B AL
i - __;___mu;z
(| & ©
fl ! " | _ | | iy -
- gy oo o a9 4 4 g o < ﬁ gt
. nﬁwu P ?u 3 a2 W%K
i At AL
i i AL 0
) 4 SErernEnk
o | & A\ ruo Jo. 4 4 Mw
o
N
AT RS
,_< ola o 0 C i alel
.;:Luﬁ /.W bl L ©
T | ﬂ i
,ﬂ/ /W W/ _ “ ! mk
NN I,
olololel 13 § | et | o
wolol o la| o |9 STk hak ||
o | & d | d L uf “_vALA,v $
, ¥ o ©® < T o o
T2 T8 ¥ o ¢ ¢ § 0 & ° o ¢ =

Q .
Aoa-ousfhg  Jugy pusduy

o m-ouisdln

Vertical tail off

Vertical tail on

Figure 8.- Variation of in-phase rolling derivatives with frequency.

Return component.




19

)
32

VAN
/
=Nyt
f 1
i
]
i

| ! Can

—

//

11— =

10

\ /

S |
i eeenem 20

16
a ,deg
Vertical tail off

Composite.

40

attack.

a,deg

16
Vertical tail on

Iﬂ \\\ //.’
i —
B\ & T
S §/ e e
1 Y =
V ~\\\\\
\ 1/
if
1) \
| ]
\ i
zr |
< O < N & N O o < ©

) v ! [

D uIs .Q»U +a>o D us .m:._u + aco D uis .m:o + n:u

- Y

Figure 9.- Variation of out-of-phase rolling derivatives with angle of



20 o®s *°0 ¢ °° ¢ COUFTINENTIAL ¢ % °°: .°¢
k
10
_ 5
e =22 20
g 8¢ T 171
w @ ]
@ (- I/
ya um,
5 4 Y| / — v
+ I forz \\’I St 2l
>9. == \ﬁ z 4 %y -
© 0
61
R
U 4 Pa N
: A
Q 2 ///-‘\K
c ( L
Q. — ’ \ " - >
s O »;:-/_\\_/fi,[ S B GRS P i
_? |
0
D <l el TP
s -2 Q“\\ / XN
c \ \Ki
[72] )
= .4 - ; \\
© \ - / \\
o W) \
S \ \
8078 T ™ 32 40 0 8 16 24 32
a, deg a,deg
Vertical tail on Vertical tail off

Figure 10.- Variation of out-of-phase rolling derivatives with angle of
attack. Return component.




e il gTe OUNTORNRIMGTS 30t oo,
- k
10
—5
o 4
O
*
| 8 O k7 =t
s T _ L N
o = N R,
5 -4 A N
-8
-
N
N
= 08
|
|
3 04 y
i &’ £
o ;’
x
; A = \
- g \;\
i » k - b e S, R
: cm~‘04 \\ X
- (&) \
kY
\ N
\ \\
8 { \= \
S
-2 \\_
-16
-Q
£ o
= = —_——
g \\ \k\
® 04 ™ /] N . S pa NN
2 N ALY N
O \ o - £
N1 ¥
-08 — 1 -
0 8 16 24 32 40 0 8 6 24 32 40
a)deg a)deg
Vertical taif on Vertical tail off
. Figure 11.- Variation of in-phase rolling derivatives with angle of
attack. Composite.

21



= R L L R I
o
-Q_ 3
S 15
% o ——20
= B TN T
) #_,.,4/
R -4 -
O
08
Q P
o o
© 04 ,)/ NS
= ol \\
= it \
w
o i SN RIS RSN
g _ \‘ = = ™~
_04 I\
\
-08 - N
04
N
o 0 | I\
S hﬁﬁ?i“N\\ T j, \
S o4 AR
c ’ ~
@D \ A \\ Z
xQ AN N \\t:,cf\
G 08 b - > =
-2
0 8 16 24 32 40 0 8 16 24 32
a,deg a,deg
Vertical tail on Vertical tall off

Figure 12.- Variation of in-phase rolling derivatives with angle of
attack. Return component.

'| PACNRIC

6¢-1



L-391

se oo o . 000 - ... oo
$Te 300 e 1 SQNEIDRPR e
e @ o9 o . ¢ o oo . oo . o
¢ o o . . .OO o ® e o o o
e® ece 90 see & ° so ee o o * oee oo
20, e ST TTTTTL T
N N
g - 4 1
N - | 4
12] R
gl
. L .
8 3% S 2
o 4 - © 0\_{ g
2 n BEEREY c 4
x;‘-‘ — 7 41 o
O i
l.‘) Lo 9 g
> _4 e ! 3
o N N =
P
-8 7 2 B
- AR~ Joi0 -4
a2 ‘e q \é !)x o !
i f
4 : . 1
| L i
ol | !
i ol 1] i
! SR
0 . S S =
A ~ o1 - N
AT il | BN
s .4 el L
oA -
% . RN o a.dg
< - A o——— 8
. d oottt B
S . 5
.o 2
-0 32
% 1 .4
1.2] 20
A2k bt ‘ ™
8 ! ! L}
24,
22 i 20;
14 8} :
\
12 : : 12 {
e
k-] |O |D \
g‘ B & N
S B =N B !g\
1 {<. K )
> e . [ o 3 2
c 6 TR el 6 Poge. ] .,
B o BT
4 e 4
Z\, 19 o S .Y LN I o
54 (I N Rt S v 0 5T =1
2 NMMAEASEEL 2 674’—9 e -p-°
2= B Ot
[o) o) oD gt 430
jO-4-0- 1O
-2 | ! -2
O 04 08 R 16 20 2 0 04
K

(a) Vertical tail on.

8
Ll
&)
[a
Oy
E-

(b) Vertical tail off.

Figure 13.- Variation of out-of-phase yawing derivatives with

frequency.

Composite.



Loeee

2k

L-391

4
o
iisni . T TS
T O ON©O wﬁ_ ;m wii
o3 oI JlAmM® T o< ./ o ©
SR ) | - ! A/ﬁ | \w\_\__.
- _ _ | _ ﬂ w “ gk 177 o
[ : . N x
i SRR URRRE: iidd e
op ) AR 12 71
R S e N e mENE
oot L oo b o 84| 4 <
o
!
| | O
<
N I ™
o e s dokal |a > | | ool oka |o
T ) , i T <
e T pMEMEEY « i
T T sy ank
o {2t g ; e
il A | [ Ly N
s SR ARE 5\ 17 1 BT .
P i c I Rl o PFH | o
9o g0s R i NI vo sl ] ow ©
TL&» nyy ) b af wn_v A4 4 3 m
, .
. i . L (@)
o v ® @ & 8 F o & & ¢ ¢ § F o I & ¢ ¢
Koat+0s00fhg 4un s D500y 1o pposoofly

Vertical tail off

Vertical tail on

Figure 1l4.- Variation of in-phase yawing derivatives with angle of

Composite.

attack.




b
Q g
h g
o
(]
¢ &
G
o 4
_ +
x o 5
[] £ g
o.oo- AN 2 \¢ p.. llm _& .W
YIX) e / oL v i o o %
,,,,, - g Ammvane iy € e
R Ariren < Fooogr@amRe AT FER
ssese ,.//,._. L ; 4 1 ..”__:‘ A" [l P o x @ M
sesee | .ﬂwﬁ_ﬂ e i _ ." _. Lhyrt . 7 \ot T RS b
: -y , pl.conps _"_“nm__.. . e / 74 Badl Pl o —~
HR AN L. SR | AL S 7 IEE LIE o W
eseve | T 1 oF $s bxw z ﬁ _%a%i On_;._‘aan_uoo: - L - wNrnYey P ~ .m_n
o 1 A SN o e N @ 1] I T e , 5 m
L ° . ] P P R . — P y O
N : o
m . - ’ R w ¥ ¥ 9 o @w ¥ N o o v g
o e - % w
H
b1 i<}
m-.o I ) n.rm
.
eoe ‘ig ﬁ | i al do o L
' H— o +
" P pRAL AP BN . b
essoe ,, ab B « AVHA 1 h.lnm, i & a\w Lﬂ i ©° o 3
o e s i B AN b ° ©°
oooo “,, iy mh.- , .Mu B - 5 ﬂ_/ \f,v 44, o x .m pm
. REREEE B L SENELE
HHH 3 o g - 1ol & a a Yl i _Vnm +-8 + m
see i 7] NEE o 2 \w 2 29 _M o4
“ooo" rw\_\ = o,m__ K r: o al ] < . g 3] .ﬂw
“n\mn\.m\ a B B ﬁ .m
| ; j il o
L L NS N Y @ w0 o % o ®© o @ @ <« & O o w >
S TR =T © W__ .rm V v v = - & - = ) ) > _
- fuy. u psoofln- M1g .
u....OoQ»O.. Ao P SOOYUY 0 \»W :b
A
[0}
-W
Fx
+ 3
L} ]
? )

[ ] -—l




Y.

—- 32

6 20 24

E‘P\D~n

.
-

12

v —--— 24
b —-—— 28
o ——-- 36
9 ——-—-40

O_

[a]
ko)
SN

4

Vertical tail of f

D\—~—pﬂ—u-—u
0
-,_‘g -
A—|-Aa7T] v
&= ﬁ"'B‘M-E

Q_

O—O0-1-0+0

o-Fo-Ig]

O 04 08

N

o TR
e

Ny~

Return component.

e 20 24

L
L

=
]

b
S

=43

k

B @7‘0":

<

12

o094 Af’- T
INRESSES

~ A LA
D
q

Tl L &
8
ot —

-0 -
»-g
R
0
O
Y

Vertical tail on

O O~ OO G— O]
Lo 1B 4 N

B+e
]

04 08

G
5
o=
P
e
o
Na
o1
55
¢

O

I

2

S 8 o

@ < @

A0 +0500%k 1)

[ +

Un 1405008 Uy

-12
-l

16
12
8
04
0

\0 104+05008 15
Q

-20 0

-16 —
Figure 16.- Variation of in-phase yawing derivatives with frequenc
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Figure 17.- Variation of out-of-phase yawing derivatives with angle of
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Figure 18.- Variation of out-of-phase yawing derivatives with angle of
attack. Return component.
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Figure 19.- Variation of in-phase yawing derivatives with angle of
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Figure 20.- Variation of in-phase yawing derivatives with angle of
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Figure 21.- Variation of in-phase and out-of-phase sideslipping deriva-
tives with angle of attack. Return component.
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Figure 21.- Concluded.
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